LESSON 2

Site Selection for General-Level SO,
Monitoring Stations

Goal

To familiarize you with the siting of regional, neighborhood, and general-level
middle scale SO, monitoring stations.

Objectives
At the end of this lesson, you will be able to:

1 recognize the appropriate SO, concentration gradient for regional scale SO,
monitoring sites.

2 determine the number of SO, monitoring sites required to represent SO2
concentrations over an area.

)

select the general siting area for regional mean concentration SO,
monitoring stations.

4  select the general siting area for SO, transport monitoring stations.
5 select the general siting area for SO, emergency monitoring stations.

6 select the general siting area for population exposure and projected growth
neighborhood scale SO, monitoring stations.

7 select the general siting area for peak concentration general-level middle
scale SO, monitoring stations.

Procedure

1 Read pages 27-52 of EPA-450/3-77-013 Optimum Site Exposure Criteria for
SO, Monitoring.

2 Complete the review exercise for this lesson.
3 Check your answers against the answer key following the exercise.
4 Review the pages in the reading for any questions you missed.

5 Take Quiz 1 in the back of this book. Review the pages in the reading for
any questions you missed.

&  Continue to Lesson 3.

2-1



Lesson 2

Estimated student completion time: 6 hours

Reading Assignment Topics

» Site selection aids and background material
+ Locating general-level regional scale SO, monitoring stations

» Locating general-level neighborhood scale SO, monitoring
stations

» Locating general-level middle scale SO, monitoring stations

Reading Guidance

Because Optimum Site Exposure Criteria for SO, Monitoring
was published before the promulgation of 40 CFR 58, the
monitor probe heights specified in the document do not agree
with the required probe heights of 40 CFR 58. Probe heights
specified in 40 CFR 58 are addressed in Lesson 7 of this
book.

Wind roses are discussed in this reading assignment. A wind

rose is a graphical representation of wind directional frequency.
The farther that the bar extends from the circle, the more frequently
the wind blows from that direction.

In this reading assignment, the winter wind rose is recommended for
use in selecting SO, monitoring sites. The basis for this recommen-
dation is that for many areas, especially northern areas of the United
States, winter is the season associated with maximum emissions of
80, because of space heating. However, you should determine the
season associated with maximum SO, emissions for your specific
monitor siting situation.

Refer often to the flowcharts and figures of the assigned
reading material as you progress through the assignment.
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General-Level SO, Monitoring Stations

Review Exercise

Now that you've completed the assignment for Lesson 2, please answer the following questions

to determine whether or not you are mastering the material.

1.

The measurements from a single SO, monitoring site will represent concentrations over
the regional spatial scale if the concentration gradient over the area of interest does not

exceed about
a.
b.
C.

d.

0.5
0.1
1.0
3.0

mg/m> per kilometer.

If the S0, concentration extremes over the area of interest are not within about

a.

b.

5

10
25
50

percent of the average value, then more than one SO, monitoring site will
be needed to represent SO, concentrations over the area.



Lesson 2

3. Which of the four general siting areas, labeled a through d, is the best siting area for an
SO, regional mean concentration monitoring station?
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General-Level 5O, Monitoring Stations

4. Which of the four general siting areas, labeled a through d, is the best siting area for
measuring the maximum in-state SO, concentration resulting from the out-of-state
urban center?
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5. Which of the four general siting areas, labeled a through d in question 4, is the best
siting area for measuring the most frequent in-state SO, concentrations resulting from
the out-of-state urban center?
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Lesson 2

6. Which of the four general siting areas, labeled a through d, is the best siting area for
assessing the transport of SO, from the distant city into the urban center?
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General-Level SO, Monitoring Stations

The figure below represents a city area with relative sulfur dioxide emission rates plotted.
Which of the five general siting areas, labeled a through e, are the best rwo sites for
SO, emergency episode monitoring?

City boundary
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Lesson 2

8. Which of the four general siting areas, labeled a through d, is the best siting area for an
urban population exposure/projected growth neighborhood scale SO, monitoring station?

Wind direction
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2-8




General-Level SO, Monitoring Stations

0. Which of the four general siting areas, labeled a through d, is the best siting area for a
general-level middle scale monitoring station for determining peak SO, concentrations?
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Lesson 2

Review Exercise Answers

Now take Quiz 1 in the back of this book. Review
the pages in the reading for any questions you missed.

Then continne to Lesson 3.

* Reler to pages 27-52 of EPA-450/3-77-013 Optimum Site Exposure Criteria for SO, Monitoring.
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4.0 SITE SELECTION PROCEDURES AND CRITERIA

Procedures and criteria for selecting specific monitoring site locations
and instrument inlet exposures have been developed for the relevant monitoring
site types and are presented in this section. They are generally uniform for
each siting objective associated with a given site type. It was not possible
to develop specific siting criteria to satisfy some siting objectives (e.g.,
isolated point source monitoring in extremely rough or mountainous terrain).
In these instances, general guidelines addressing "points to consider” are
pPresented.

The site selection process itself is an elimination process; general sit-
ing areas are selected, then specific prospective sites within the areas are
gradually eliminated in accordance with specific criteria until a small subset
of acceptable sites remains. The final selection is made from this subset.

It should be made clear at this point to state that not every AQCR is re-
quired to have each type of monitoring site described@ in this section; the
types of sites required would depend on the nature of the S0 problems in the
AQCR. These are judgements to be made by the control agency or site selector.

The organization of much of this section is based on that of the report
by Ludwig and Kealoha (1975)--essentially flow charts showing the basic struc-
ture and flow of the procedural logic followed by discussion of the elements
of the flow chart. Much of the material is presented without discussion of
the justification or rationale for the various steps of the procedures; this
is reserved for Chapter 5.0 tc maintain the clarity and continuity of the pro-
cedures as discussed here.

4.1 DESCRIPTION OF SITE SELECTION AIDS AND BACKGROUND MATERIAL

An integral part of the site selection process is the acquisition and/or
development of background material, data, and, in some sitmations, the use of
auxiliary equipment (e.g., portable wind station). Such material is needed to
provide the site selector with information mainly regarding the physical char-
acteristics of the siting area. This information may include the terrain and
land-use setting of the prospective monitor siting area, the proximity of large
water bodies, the distribution of S0, socurces in the area, the location of ap-
propriate National Weather Service (NWS) airport stations from which weather
data may be obtained, etc. Depending on the siting objective, this material
may take the form of: ’

27




¢ Isopleth maps S0 air quality,

¢ Emissions inventories,

® Meteorclogical data,

¢ Wind roses,

¢ Portable wind equipment,

® Topographic/population/land-use maps, and
. Mébile sampling equipment.

The purpose of each item will be deseribed briefly below prior to the presen-
tation of the site selection Procedures. A more complete discussion of this
material and its sources can be found in the appendices and in Section 5.0.

Isopleth maps, particularly those generated by diffusion models is recom-
mended for use in determining the general location of a prospective monitoring
site, or a prospective siting area within which the final site is to be selec—
ted. For siting monitors in urban areas, multi~-source models such as the Air
Quality Display Model {AQDM) are recommended. For isolated point source moni-
toring in relatively uncomplicated terrain, various point source models (PTMPT,
PTDIS, PTMAX; see Appendix E) or graphical solutions of the Gaussian point
Source equation are suggested. (It will be seen that the guidelines presented
herein are strongly diffusion-model-~output oriented.)

Emission inventory information for point sources is available from the
U.S. Environmental Protection Agency (EPA) for any area of the country for an-
nual and seasonal averaging times. Specific information characterizing the
emissions and large point sources for the shorter averaging times (diurnal
variations, load curves, etc.) can often be cbtained from the source. Area
source emission data by season, although not available from the EPA, can be
generated by apportioning annual totals according to degree days. This kind
of information provides some of the input to the diffusion models and are also
important for other reasons that will be discussed later.

The nature of the eslements of Table 3-3 in Section 3.0 determine the mete-
orological and diffusion parameter input to the diffusion models. In most
cases, the meteoroclogical data originating from the most appropriate (not ne-
cessarily the nearest) NWS airport station in the vicinity of the prospective
siting area will adequately reflect conditions over the area of interest, at
least for annual and seascnal averaging times. In developing data in complex
meteorological and terrain situations, diffusion meteorologists should be con-
sulted. A complete list of NWS stations that can provide most of the relevant
weather information in support of siting activities anywhere in the country can
be found in Appendix A. Such information includes joint frequency distributions
of winds and atmospheric stability (stability-wind roses). These are provided
by the ocutput of the National Climatic Center "STAR" computer program. For the
shorter averaging times or in complex terrain situations, the use of portable
wind equipment, smoke bombs, time-~lapse photography may be necessary. Land use
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types and topographical characteristics of specific areas of interest can be
determined from U.S. Geological Survey (USGS) and land use maps. Detailed in-
formation on urban physiocgraphy (building/street dimensions, etc.) can be ob-
tained from Sanborn maps {(see Appendix D). 2additional information may have to
be obtained by visual observations, aerial photography, and surveys to supple-
ment that available from the above sources. Such information may be required
to determine the appropriate diffusion coefficients and S0» half-life values
to be used by the models as well as determining the locations of local sources
in and around the prospective siting areas.

Finally, after the general location of a site or prospective siting area
has been established, mobile sampling may be required to determine the optimum
site location, particularly in regard to isclated point source monitoring (see
Appendix C).

4.1.1 The Critical Role of Diffusion Modeling in the Site Selection Process

As discussed in Section 3.2.1, the S0O2 background concentration gradient
over an area essentially determines the spatial scale represented by measure-
ments taken at a single station located in that area. Also, it was seen that
in section 3.3 that some siting objectives may be associated with specific fea-
tures of the S0, pattern while others may be associated with fixed geographi-
cal areas that are independent of such features. Since the only objective
means of obtaining such gradients and patterns is by diffusion modeling, the
modeling of the area of interest will usually be a prerequisite for selecting
monitoring sites.

In Sections 4.1.1 and 4.1.2 below, the role of diffusion models in the
site selection process is discussed in general terms to orient the reader.
The model's role in the selecting of sites to satisfy specific siting objec-
tives is discussed in more detail later in the appropriate sections.

4.1.1.1 siting Objectives Associated with Fixed Geographical Areas

For siting objectives associated with fixed geographical areas (see Table
3~1), measurements from a single monitoring station within such an area can
represent concentrations over any spatial scale. In a given scenario, the
particular spatial scale represented would depend directly on the background
concentration gradient prevailing over the area of interest. In developing
the siting criteria in these situations, we arbitrarily chose specific concen-
tration gradients that we felt appropriately characterized the various spatial
scales (see Section 5.3.3 for rationale) as follows:

1) - If the concentration gradient over the area of interest does
not exceed about 0.5 ug/ma—km, the measurements from a single
site will represent concentrations over regional spatial scales.

2) If the concentration extremes over the area of interest are not
within about 25% of the mean value, then more than one site is
required to represent concentrations over the area. To establish
the number of stations, the area is divided into the number of
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parcels required to bring the extreme concentrations over each
parcel to within 25% of the mean of each parcel. Measurements
from single sites located near the center of each parcel should
adequately characterize the concentration over that parcel. The
spatial scales represented by the measurements will be the same
as the spatial scales of the parcel, namely neighborhocod (0.5
to 4.0 km) or middle {0.1 to 0.5 km) scales.

4.1.1.2 sSiting Objectives Associated With Features of the SO; Pattern

The peak SO, concentration is usually the most important feature consid-
ered for siting objectives associated with features of the SO; pattern (see
Table 3-1). The peak concentrations may be due to either single or multiple
sources. The diffusion model is used to determine the approximate location of
the peak and can consider annual patterns as well as near worst case 3-hour
and 24-hour patterns. Because the concentration gradient in the vicinity of
the peak is often steep and/or irregular, the middle scale is the most likely

scale to be represented by measurements from a single station located near the
peak.

The use of models to aid in determining regional scale site locations in
rural areas is optional. In these situations, the model is used@ to verify that
the prevailing concentration gradient is relatively flat.

4.2 GENERAL-LEVEL REGIONAL-SCALE STATIONS

Figure 4-1 shows the recommended procedure 51t1ng cbjectives for estab-
lishing general-level regional stations. There are two basic siting objectives
for which regional stations are established: (1) to measure regional mean
background concentrations; and (2) to assess pollutant transport.

The following material should be assembled to provide inputs to the de-
cision-making process:
¢ Wind roses,

® Regicnal maps of various scales showing topography and
developed areas,

® Population data (by town),
¢ Emissions inventory of point and area sources.
¢ Diffusion model output (optional).

Climatological wind data in the form of a statistical table such as that
shown in Table 4-1, or a wind rose shown in Figure 4-2, are the forms most use-
ful in selecting general-level regional stations. These are examples of some
of the kinds of data that are available from the National Climatic Center (NCC)

Asheville, North Carolina. The wind rose is particularly useful in depicting
the wind direction frequency over the area of interest.
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Assemble Site Selection Aids:
(limatological Wind Data

Maps (various scales) showing
- topography
- developed areas

Population Data by Town
piffusion Model Quput (QOptional)

Tentative primary site Tocated
as near as possible to state -
line on out-of-state urban
area side, as close to urban
area as possible, but no closer
to an in-stats urban area than
30 km. Additional :zites lo-
cated directly downwind of ur-
ban area in prevailing winter
or annyal wind direction, or
symmetricaily about the pri-
mary/secondary siting areas
(see text).

)
Is Purpose of Site to Assess 507
Assess 507 s Transport or Measure Regional Mean i Regional Mean
Transport. Concentrations? Concentration
[ ¥ |
Interstate, urban area Interstate, general Intercity
\ Y \

Tentative Siting
area located as
near as possible
to state line.

If only one site
is considered,
then locate on
winter windward
side; i.e., state
Jine toward maxi-
mum winter wind
frequency

Single Site: Tentative
siting area located not
Jess than 30 km from
large urban area upwind
in most frequent winter
wind direction {aTsa,
see Table 4-2), Addi-
tional sites may be leo-
cated same distances |
upwind in the next most
frequent winter wind
direction

\

Avoid low lying areas.
-

Eliminate Prospective Specific Sites Within:

& 30 \m of large paint sources, e.q., 400 MW power plant.
* 15 km of medium-sized town, population 25,000.

e 10 km of large industrial source, emissions 500 T/yr.

» 0.6 km of Individual home (103 gal/yr of #2 oil).

(see Table 4-2)

Tentative siting area located not
less than 30 km from nearest urban
area. Urban area should be toward
direction of the Jowest winter
wind direction frequency and 1n an
area characterized by flat concen-
tration gradient, as revealed by
diffusion madel output, and in an
area of uniform topography

[

Site Characteristics: Trailer or
existing permanent structure.

Inlet Heiaht: 3-10 m above ground.

FIGURE 4~1. Flow chart showing procedures for lecating
general-level regianal-scale stations.
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TABLE 4-1

" Example of a Tabulated Wind Summary
{taken from the National Climatic Center, Asheville, N.C.)

PERCENTAGE FREQUENCIES
OF WIND DIRECTION AND SPEED:

HOURLY OBSERVATIONS OF WIND SPEED
N MILES PER HOUR ) AV
MRECTION . I
Ow3 =2 =12 |13=12 19224 5=31112=31 1~ 48 over TOTAL

N + 1 2 1 + + 4 (11la4
-INNE + 1 2 1 + + 4 (105
NE + 1 3 2 + + 6 (117
ENE + 1 2 1 + 4 (11.4
E + 1 1 + + 3| 9.0
ESE + 1 1 + 2| Beb
SE + 1 2 1 + + 4 | Ba9
SSE +0 1] 2] 1! +}| + 4 {11.0
S 1 2 2 3 2 1 + 10 (13.3
SSwW + 1 1 3 2 1 + 8 114.4
SW + 1 1 3 2 1 + + 8 [15.5
WS5wW + 1 3 4 4 1 + + +] 164|173
W + 1 3 5 3 + + + 12 /15.3
WNW + 1 2 3 1 + + Tilbeb
Nw ' + 1 2 2 1 + 61(13.1
NNW + 1 1 1 + + 4 |12.0
CALM + +
TOTAL 4 | 13 ] 30 30 17 5 1 + + {100 {13,.5

MILES PER HOUR

-5 6.1% 16-30 >30
er— [ ]

[»] 3 10 18 20 25 a0
[ . T Y T T 1

PERCENT FREQUENCY

FIGURE 4-2. A typical wind rose with wind-speed information
(taken from Slade, 1968).
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Maps showing the physical features~-natural and man-made--of the region
are important since the monitoring purpose and location of the monitors are
based on the nature and distribution of these features. Demographic and emis-
sion inventory data will provide additional useful inputs.

The selection process begins by deciding on the siting objective after
which a specific series of steps is followed. This process is presented be-
low. )

4.2.1 Regional Mean (Background) Concentration Stations

A tentative siting area should be established no closer than about 30 km
from the jurisdictional boundary of any major urban SO3 sSource area in the re-
gion. ({Consider a city with a populatiocn of 2x10° or more as constituting a
major urban area.) The nearest major urban area should be toward the direc-
tion of the lowest winter (Dec, Jan, Feb) wind frequency. If available, a .
winter seasonal {or annual concentration map generated by a diffusion model -
can be utilized to ensure that the tentative siting area is not leocated in an
area characterized by a steep concentration gradient (>= 0.5 ug/m3 - km).

The topography of the region containing the urban S0, source areas, the

tentative siting area, and the NWS station from which the wind rose data orig-
inated should be reasonably uniform.

4,2,1.1 Local Characteristics, Interfgrences and Inlet Placement

Guidelines for considering local physical characteristics, proximity of
interfering sources in the vicinity of the final site and instrument inlet
placement are the same for all regignal scale stations. Once the siting areas
have been established, individual prospective sites should be eliminated on
the basis of the proximity of small, local SO; sources that may unduly influ-
ence the measurements. These sources, or source types, and corresponding
"interference" distances* are shown in Table 4-2. Regional scale S0z menitors
should be sited no closer to these sources thadn the interference distances.

Since low lying areas are associated with relatively higher inversion fre-
guencies, they should be avoided. Open or sparsely forested areas are recom-
mended with the instruments housed in an existing permanent structure or trailexr
Since all pecllutants are well-mixed in the vertical over outlying areas, exact
inlet height is not important. A height range of from 3 to 10 m above the
ground would be reasonable. In densely forested areas, the inlet tube should
be raised a few meters above the tops of the surrounding trees.

Figure 4-3 is a schematic illustrating the tentative siting area for a
regional mean concentration station.

* 7The interference distances are defined in Section 5.0. They were developed
via solutions to the Gaussian point source formula by assuming certain
"worst case" conditions.
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TABLE 4-2

Source Types and Related Interference Distances for
Regional Scale Monitoring Stations

Source Type Interference Distance
Large point source (e.g., a 400 MW power plant) 30 km
Industrial source (500 tons 507 per year) 10 km
Towns (various size population)
50,000 _ 22 km
25,000 15 km
12,500 . 10 km
6,000 7 km
- Individual home 0.6 km

Site selected from
choices within
shaded area.

WIND AOSE

= . =

' _INOUSTRIAL _.* :
~CENTER™ ~

— ——

FIGURE 4-3. Schematic illustration showing tentative siting area for
regional mean background concentration stations.
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4.2.2 S07 Transport Stations

SOz transport stations may satisfy several siting objectives. Three such

cbjectives and the siting procedures for establishing the stations are dis-
cussed below.

® Interstate SO, Urban Transport Sites. These sites are estab-
lished for measuring incoming interstate S0O; that originates
from a large urban complex ocutside of the state (e.g., New
York City/Connecticut; Chicago/Indiana). A primary siting
area should be located as close as possible to the state line
opposite the out-of-state urban area, but no closer than 30
km to an in-state major urban area. If the state or part of
the state is directly downwind of the cut-of-state urban area
in the winter prevailing direction, a secondary siting area
could be established near the state line, as described above,
but directly downwind (wintexr} of the urban area. These are
illustrated in Figure 4-4. Alternatively, a series of stations
could be placed symmetrically about the primary or secondary
siting areas (to obtain horizontal profiles of incaming pollu-
tant, for example).

f"’ﬂ—‘h‘\‘“*m‘:,/’i::“\\““‘<::F\\_\\§;;/”—~*\u17ﬁ\“—~a/,’A\ﬁy//fﬁax\g_ﬁgffd

SECONDARY /55225
SITING AREA Ll

WIND ROSE

IN-STATE
URBAN CENTER

_ Ay

OUT-OF -STATE PRIMARY
RBAN CENTER SITING

u ENTES PG ITING AREA

e

FIGURE 4-4. Schematic illustration showing primary and secondary siting areas
for interstate urban transport stations.
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® Interstate SQ» Transport-General. If there are no major
out-of-state urban areas contributing significantly to in~
coming S03, a general S0, transport station can be estab-
lished anywhere {but no cleoser than 30 km to an in-state
major urban area) along the winter windward state line.

® Intercity SO Transport Sites. If SO, flux entering a city
is desired to be measured, a primary siting area may be es-
tablished upwind of the city boundary in the most frequent
winter wind direction, at distances which depend on city
size. These distances arange from about 30 km for cities
of. 2x105 population or more to 15 km for small towns of
25,000 population (see also Table 4-2, "Towns"). Secondary
siting areas can also be established toward the next most
freguent direction, etc. Figure 4-5 shows the location of
the siting areas for intercity S0O2 transport stations. Al-
ternatively, other sites may be established directly between
two cities, without regard to wind direction, to assess the
exchange of S03 between the two cities. Similarly, as for
the siting areas for regional mean concentration stations,

the topography of the entire region should be reasonably
uniform,

Guidelines for considering local characteristics, interference distances,

and inlet placement are the same as for regicnal mean concentration stations
(see sSection 4.2.1.1}.

SECONDARY
SITING AREA PRIMARY

‘\\\\\\\\Qﬂliﬂ\\\\\\\\\k

SITING AREA

URBAMN
CINTER

FIGURE 4-5. Schematic illustration showing primary and secondary siting areas

for intercity background stations.
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4.3 GENERAL-LEVEL, NEIGHBORHCOD-SCALE STATIONS

There are three major siting objectives associated with neighborhood-
scale stations--monitoring emergency episodes, determining baseline concen-
trations in areas of projected growth, and monitoring SO, concentrations to
which certain human populations are exposed. The specific gbjectives chosen
for which monitoring will be undertaken will determine, in large measure, the
siting procedure and kind of background information required.

Figure 4-6 shows the recommended procedure for locating the three kinds
of general-level, neighborhood-scale stations. The first step is to decide on
the objective of the monitoring, after which follows the gathering of back-
ground information and the site selection process itself, as discussed below.

4.3.1 Emergency Episode Stations

The background information required for the proper siting of emergency
episode stations includes:

e Emissions inventory of point and area sources,
¢ USGS map of urban area, and
® Sanborn map of urban area {see Appendix D).

Prospective emergency episode stations should be located near the center of
the maximum low-level emission zone {s) of the urban core. The maximm emis-
sion zone can be found by plotting the SO; emission rates of the area source
fraction of the inventory, in tons per year per UTM grid square*, on a gridded
USGS map of the urban area. Isopleths of constant emission rate may be drawn
as an option to reveal the centerx{s) of the zone(s). Mobile sampling may also
be undertaken during an actual episode or in near-episode conditions (e.g., in
the morning when winds are light and variable) to better define the general
area of maximum concentration. Figure 4-7 is a schematic illustrating the
general location of the prospective siting area.

The final site is selected from a list of candidate sites located near
the center of the zone in accordance with the desirable site characteristics
and inlet placement criteria as shown in Table 4-3. 1In general, because very
little turbulence and unsteady winds usually prevail during atmosphexic stagna-
tions, undue influence from an individual nearby source is minimal. However,
if the data from this site is to be used to supplement data from peak concen-
traion stations, then the site characteristics should be consistent with the
criteria shown in Table 4-5 (see Page 45).

* Emission inventory grid systems normally utilize the kilometer-based Uni-
versal Transverse Mercator (UTM) system. UTM tick marks are shown in the
margin of most USGS maps.
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Emergency Episode Monitoring

{

What is the siting objective? ————————l

Population Exposure/Projected Growth Monitoring

Y

Assemble Backqround Material:
1$510n 1nventory of point and area sources.
USGS map of yrban area.
Sanborn maps of yrban area,

Assemble Backqround Material:

Emission inventory of point and area sources.

Meteorological data.

Other background material (see test).

\

Plot urban area source emission rates
by grid on USGS map. Locate tentative
siting area near center of maximm
smission zone(s}. Conduct mobile
sampling ta better define maximum
concantration zone(s).

Y

Winter season.

Perform diffusion model analysis of
region containing areas of interest:

!

Population Exposure Stations

Projected Growth Area Stations

Final Site - Genera! Charactaristics:

Site Location. Trailer or existing
permanent structure, Kt < 0.8 of

¥ From population maps, de-
iineate area of interest.

concentration pattern over
area of interest.

From growth maps (population,
jand use, industry, etc.)
delineate area of interest.
Superimpose winter S0; con-
centration pattern over area

[
{
Superimpose winter 507 {
I
I

mean building height. Ho SO of {nterest
source on roof,
Inlet Location. Precise location ¥y
not critical; little turbulence/
no steady winds, undue lacal in-
: YES [t Is one station sufficient to represent
fluence minioal (see Table 4-3). concentration over area of interest?

Locate siting area at center of area of
interest and fdentify with 0.5 to 1.0 km
diapeter circle,

Detarwine prevailing winter wind direction
and dfrection associated with short-term
peak concentration {see text).

Y

Depending on size of area, follow:
Regional-scale procedures (Section 4.2.1).
| Middle-scale procedures {(Section 4.4.3).
Neighborhood-scale procedures.

From inventory, Sanborn maps and/or photographs, identify all source points over designated areas
upwind of siting area. Construct 10°/20° plumes from each source point in the downwind direction
over designated areas. Consider both wind directions. Then choose prospective sites well within
built-up sections of the siting area.

Elininate specific sites located within 10°/20° plume sectors and buildings with stacks from con-
sideration. Choose sites such that impacts from S07 sources in other directions are avnimized.
Attempt to satisfy prevailing and peak concentration monitoring with one site.

Subdivide Area

Final Site - General Charactertstics:

ooftop. Ht < 0.8 of mean building height and 1-2 m above roof. Inlet on windward side of building.

Tntermediate Height. Similar to rooftop. Locate fnlet no closer tham 1-2 m from buflding.
Trailer. Locate in non-parking lot. IFf passible, avoid lot around which are buildings with stacks.
InTét height, 3-5 o above ground (see Table 4-5).

FIGURE 4-6.

neighbarhood~scale stations.
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FIGURE 4-7 General location of emergency épiscde siting area.

Numbers indicate relative emission rates. Each
grid square equals 1 square kilometer.

TABLE 4-3

Site Characteristics and Inlet Placement Criteria
for Emergency Episode Stations

Inlet Placement Criteria

Station
: dorizontal
Lecation Helight Height Horizontal of
Above Ground Above Roof Clearance Inlet Placement Remarks
Somewhat less than|Not critical. Se- Inlet may be placed
Rooftop mean height of  |tween 1-2 m, and Not Applicaibe anywhere on roof, but| flo 507 source an
buildings in zone |away from dirty/ (NA) away from dirty/dusty roof
or tower{<-0.8A)*(dusty areas. areas,
I " Inlet my be 1ocat$d
ntermediate an any side of build-
Height on :;:"ft:s NA > 2 meters  |ing, prefsrable the | N° Sﬂzns)g:rce on
SuiTding P side away from near-
est sources.
If possible, avoid
parking lots and
other lots around
which are buildings
Tratlor 3-5 meters T-2 meters NA RA with stacks. If lo-
cated in park, avoid
sites under thick
“forest” canopy.
* H = mean building height in zone.
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As a supplementary procedure, population figures could be utilized in a
manner similar to that described above for SO; emission rates, to determine
population densities and characteristics (e.g., age frequencies in the maximum
emission zone.

4.3.2 Population Exposure and Projected Growth Monitoring Stations

Siting procedures for these two siting objectives are very much the same
after the subject population areas and projected growth (residential, indus-
tiral, etc.) areas have been identified and delineated. Since the monitoring
of air quality in regions af projected growth is related to the EPA-mandated
RQMP process, the reader is referred toe Vol. IX of the EPA's Maintenance Plan-
ning Guideline series of documents (discussed.briefly in Section 2.2.7 of this
report) for additional information. The siting procedures for projected growth
monitoring sites presented below are consistent with the concepts discusses in
that document.

The background information and other aids that would be useful for selec-
ting population exposure and projected growth stations include:

® Emission inventory of point and area sources.

¢ Meteorological data reflecting conditions imposed by topo—-
graphical and land use setting;* winter season.

¢ USGS/land use/population mpas of area.

® Air Quality Maintenance Plan‘(AQMP).

®* Sanborn maps of urban area.

® Air Quality Display Model (AQDM) or equivalent. .

The emissions inventory and metecorological data will provide the required in-
Put to the AQDM for generating an 503 concentration field over the areas of in-

terest as well as .providing information on the location and strengths of all
Point sources in the urban area.

After assembling the required background materials, delineate the subject
population area and/or the projected growth area, depending on the monitoring
objective chosen. Simulate an 50, concentration field over the region contain-
ing these areas using the AQDM with the emission inventory and meteoralogy re-
flecting winter quarter conditions, If the areas of interest are located in
large urban areas (population > 10°), use a half-life of 1 hour, otherwise use
a 3-hour half life. Superimpose the concentration map over the areas of inter-
est. At this point, it must be determined whether measurements from a single
site located within the area of interest will represent the entire area of
interest. The following general procedure (and illustration shown in Fiqure
4-8) is recommended for making this determination.

* Consult diffusion meteorologist to estimate conditions.
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150PLETHS FIGURE 4-8.

Schematic illlustrating
typical concentration pat-
tern over delineated popu-
lation or growth areas of
interest; {2) area in flat
part of gradient, one sta-
tion probably adequate to
represent concentrations
over area; (b) probably two
sites required; and (c)} pos-
sibly three sites regquired:
urban setting, representing
neighborhood or middle spa-
tial scales.

AREA OF
INTEREST

/ URBAN

50, CONCENTRATION PATTERN (Winter) AREA

® TIf the concentration gradient over the area of interest is no
more than about 0.5 ug/m3 m, or if the distance between the
center of the area and the nearest sources are at least equal
to those shown in Table 4-2 (assume monitoring site is near
the center of the area), then measurements from a single sta-
tion located near the center of the area of interest will prcb-
ably represent the entire area of interest (see Figure 4-8a).
Use regional-scale station procedures to determine site char-
acteristics and inlet placement ([Section 4.2.1).

® If the extreme concentrations over the area are not within
about 25 percent of the mean concentration, then a single site
may not be representative of the entire area and more than one
station will be necessary to represent the range of cancentra-
tions over the area of interest. Divide the area into sub-
areas (preferably along an isopleth) until the extreme concen-
trations over each sub-area are within 25 percent of the mean
value (see Figure 4-8b,c). Siting areas should be located
near the center of each sub-area. If the sizes of the sub-
areas are in the middle scale range (<0.5 km), then middle-
scale procedures should be followed (see Section 4.4.3).

The tentative siting area within each sub-area (neighborhood) should be
in the vicinity of the mean concentration point of the neighborhecod, which is
near the center of the neighborhood. Identify the siting area by drawing a
circle (0.5 to 1.0 km diameter) near the center of the neighborhood as shown
in Figure 4-9. Locate all prospective sites within the siting area and well
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inside of any built-up area. Eliminate from consideration all buildings with
SO, source points {stacks). At this point, an elimination process begins, the
result of which is the selection of the final site location; Figures 4-9 through
4-11 illustrate the process. The first step is to establish two "upwind" di-
rections (Figure 4-9). One direction is toward the prevailing winter wind di-
rection* and the other is the direction toward the center of the maximum emis-
sion 2zone of the nearest uxban area from the tentative siting area. The latter
direction represents the most probable direction associated with the maximum
short-term concentrations (high background from urban center plus undue local
influences). Construct "sector boundaries" upwind of the siting area in both
directions as shown. These boundaries enclose the areas containing the most
important potential "interfering" SO; sources. An arc is then drawn at a dis-
tance from each prospective site equal to the "point source interference dis-
tance” (PSID).** These distances, for 3 degrees of land use intensity, are
shown in Takle 4-4 {see Section 5.1 for discussion). Then, from emissions
inventory data, Sanborn maps and/or photographs, identify and plot the loca-
tions of all SO; point sourcest within the siting area itself and the area
enclosed by the sector boundaries up to the PSID as chosen in Figure 4-10.

’-'—-
Winter Wind Rose "//”"‘\\H“‘-——

Wind direction
associated with
maximum freguency
of impacts from

nearby sources-- N —
most 1ikely the \‘/Q\

winter prevai]ing/. ~ Sector
direction. £ Ny . Boundaries .
/

J

)
1

L-———-..——.____

Meighborhood Scale
Area of Interest

._-—

Siting Area o
—
Ak T T TN %Y

FIGURE 4-9. Schematic illustration of intermediate step by which
neighborhood~scale stations are located; identification
of siting area, and establishment of sector boundaries
within which sources are of concern.

* This wind direction should be associated with the maximum frequency of
occurrence of impacts from nearby sources within the siting area. Direc-
tions other than the winter prevailing may be chosen; appraisal by agency
may be necessary.

** The point source interference distance (PSID) is the distance beyond which
r~int source impacts are nc longer significant at the monitoring site.

+ I .nt sources include all sources identified as such in the emissions in-
ventory.
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FIGURE 4-10.
niques by which final candidate sites are selected.
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‘Blowup of Fig. 4-10 illustrating the technique by which the final
site is selected. ’

FIGURE 4-11.
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TABLE 4-~4

Interference Distances for Three Development Intensities*

Interference Distances

Minor Sources (MSID)!{ Point Sources (PSID)

Urban 200 m 1,000 m
Suburban 100 m 2,200 m
Rural 60 m 3,200 m

The final candidate sites are determined from the following analysis:

¢ Construct 10° plume sectors downwind of each poirt source
within the PSID of each candidate site.

e Use 20° for the nearest sources {(within a city block or two).

e Eliminate prospective sites that fall within any 10° and 20°
sector (eliminates undue influences from nearby sources).

The remaining sites represent the set from which the final site will be selec~
ted. In a similar manner, identify and plot the locations of all area source
elements** within the area enclosed by the sector boundaries up to the minor
source interference distance (MSID)t as shown in Figure 4-11. Construct 10°
and 20° {nearby sources only) plume sectors downwind of each source and elim-
inate affected sites. From the remaining sites, select a single site that will
satisfy both winter prevailing and short-term peak concentration directions,
if possible. Also, the site should be selected such that effects from sources
in the other directions from the site are minimal, especially if the wind di-
rection frequency distribution is bi-modal {(i.e., high frequencies from two
directions, one being the prevailing direction). The procedures used for the
prevailing winter direction analysis may be used for this analysis. Figure
4-12 shows the siting area and site locations in better spatial perspective.

If the enviromment of the siting area is rural in character, the desir-
able site characteristics and inlet placement are identical to those for re-
gional-scale stations. The desirable site characteristics and inlet placement
criteria for sites in suburban and urban environments are shown in Table 4-5.

* FPor discussion, see Section 5.1.

** Area source elements are the individual components of an area source
such as an individual home or small office building. They can be
identified on Sanborn maps or photographs.

+ The minor source interference distance (MSID) is the analog of the
"PSID" but applicable to the minor sources or individual area source
elements,
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Prevailing winter
wind directign

© Final Monitoring Site

X Candidate Sites Eliminated! o
| Direction from

urban center

SITING AREA

oy

FIGURE 4-12. Obligue view of siting area of Fig. 4~11 showing site locations
and urban structure.

TABLE 4-5
Site Characteristics and Inlet Placement Criteria for Neighborhood Stations
. Inlet Placement Criteria
Station
. Horizontal
Locatian H:;gc: H:;gt: Clearance Horizontal of Remarks
Ground Roof ’ Beyond Inlet Placement
Structure
Rooftop A little Between Not Locate inlet on windward | No 50 source on roof of bullding,
less than | 1 - 2 m | Applicable | side of building relative
the mean and away {N.A.) to the prevailing winter
height of | from wind direction, particu-
buildings | dirty/ larly if bluff side of
in neigh- | dusty building is toward pre-
borhood areas valling direction.
or lower
{<0.8R*}+
Intermediate| Same as N.A. 1Tto?2 Same as Rooftop Yo 507 source on roof of building.
Helight on Rooftop meters
Building
Tratler Ito 5 1 to2 Not Not critical If possible, avoid parking lots and
meters meters Critical lots around which are buildings with
stacks, particuiarly if nearest
building upwind has a large stack.
If located in park, avoid sites
under thick forest canopy.

* H = mean height of buildings in neighborhood (or in middle-scale area of
interest for middle-scale stations or in zone of maximum emission
densities for emergency episode stations).

T In suburban areas choose a building of low height--preferably one-story.
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4.4 GENERAL-LEVEL, MIDDLE-SCALE STATIONS

Middle spatial scales are the smallest practical scales of measurement in
routine SO; monitoring, Indeed, in an area characterized by a steep S0 concen-
tration gradient (in a general-level sense, not an individual plume) measurements
made at any one site within the area may represent concentrations on a scale no
larger than the middle (see Section 4.3.2).

The major siting objective associated with such scales, in a general-level
sense, is to determine peak levels in urban areas, Other siting objectives are
the population exposure and projected growth objectives discussed in Section
4.3.2 (normally associated with neighborhood spatial scales) for such areas lo-
cated in regions of steep concentration gradients.

Figure 4-13 is a schematic illustration of an annual SO, concentration pro-
file and associated ground-level pattern that may be observed over an ideally
configured city and shows the steep 503 gradient that is typically observed.

It is within the area of steep gradients that single sites may be located to
measure concentrations representing middle-spatial scales. Also shown in Figure
4-13 are example relative locations of stations sited for the above objectives.
Actually, most cities are irregularly configured or have industrial complexes
and power plants off to one side resulting in irregunlar SOp concentration pat-
terns; nevertheless, the above representation is still relevant.

Isopleth Spacing

Relative Concentration

+
4

. Population Exposure/Projected
Peak Concentration Station Growth Stations

FIGURE 4-~13., Schematic illustration of (a) idealized S0 concentration profile;
and (b) its associated ground-level pattern and example site locations.

46



Peak concentration stations are "pattern oriented"; i.e., the location of
the peak concentration point of the concentration field determines where the
site is established. Diffusion modeling plays the primary role in making this
determination. The population and growth sites, on the other hand, are asso-
ciated with fixed geographical areas and are located within these fixed areas
regardless of the features or characteristics of the SO; pattern over the areas.
The procedures for siting these two kinds of monitoring stations are discussed
separately below.

Figure 4-14 is a flow chart showing the recommended procedure for select-
ing general~level middle-~scale stations. If the objective of the monitoring
is to assess population exposures to 509, or areas of projected growth (neigh-
borhood-scale procedure having been deemed inappropriate, Section 4.3.2) the
final steps for determining these sites are discussed later in this section.
Otherwise, the first step is to assemble the required background material re-
lated to the selection of sites to establish peak concentration stations:

®* Emissions inventory of point and area sources.

¢ Meteorological data (see Appendix A)

® USGS map of area.

® Sanborn maps.

e AQDM or equivalent model.

4.4.]1 Peak Concentration Statians

Perform an SO simulation analysis of the urban area using the AQDM (or
equivalent model) with meteorological data and point and area source emission
'rates reflecting winter conditions (Dec, Jan, Feb).* For large urban areas
(population >10%), use an 505 half-life of one hour. For other urban areas,
use a three-~hour half life. Generate the winter mean, 24-hour "worst case”
and three-hour "worst case" 505 concentration patterns over the area. An ap-
proach for generating such short-term worst case patterns is suggested in
Appendix B. In any case, a diffusion meteorologist should be consulted.

4.4.1.1 Winter or Annual Peak Concentratiocn Station

Identify the location of the maximum concentration point on a USGS or de-
tailed city map. (This can be accomplished quite easily if one-kilometer model
output grid spacing and isopleth analysis is used.) Then, draw a 500-meter

* If the location of the annual concentration peak would be better estimated
by averaging four seasonal simulations rather than the winter pattern alone,
then this should be done; for example, in cities where there are power
pPlants, many of which emit peak or near-peak S05 rates in summer. For
cities having less than about 1500-2500 heating degree days per year, a
single annual simulation should suffice, unless industrial sources and/or
power plants exhibit seasonal emission patterns.
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What is the monitoring objective?

Y

Population Exposure/Projected Growth Sites:
{from Section 4.3.2) ]
Assume that division of area of

intersst into middle~scale parcels
has taken place.

Y

Determiné the prevailing winter
wind direction and the direction
toward the maximum emission zone
of the city.

From AQDM run obtain
the worst-case wind
directions associated
with the worst-case
concentrations. De-
termine the prevailing
winter direction.

|

Peak concentration monitoring.

)

Assemble background material {see text).

)

Peak Concentration Stations:

Using AQDM and appropriate meteorolegical data,
generate winter {or annual} 24-hour and 3-hour

worst-case S0p patierns over the area of inter-
est (see Appendix B}. In large urban regions,

use half-1ife of 1 hour, otherwise 3 hours.

Y .

| Y

Select siting areas within 250 meters of maximum
concentration points (winter or annual, Z4-hour
and 3-hour maximums). Emergency episode site,
if established, may serve as heat island peak
site to supplement or replace 3-hour peak site
above (see text).

in the general u

From emissions inventory data, Sanborn maps or survey identify all 507 source points
ind directions from each prospective monitoring site up to 200 m
{(SI0} out from the site {see Sections 4.4.1.1 and 4.4.1.2}.

i

Construct 10° plume sectors from each
all soyrce paints identifled previously.

source point 1n downwind direction for

\

cons jderation.
minimized (see text).

£liminate specific sites located within 10° plime sectors and buildings with stacks from
Choose sites such that impacts from SO; sources in other directions are

Final Site - General Characteristics:

ward side of building.
Intermediate Height.
from building.

Trailer. Locate in non-parking lot.
with stacks.

Rooftop. Ht < 0.8 of mean buflding height and from ! - 2m above roof. Inlet on wind-

Sfmilar to rooftop. Lecate inlet no closer than 1 to 2 meters

If possible, avoid Tot around which are buildings

Inlet height, 3 to 5 meters above ground (see Table 4-5).

FIGURE 4-14.

Flow chart showing procedures for locating general-

level middle-scale stations.
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diameter circle centered on that point. This circular area represents the
upper limit of the middle spatial scale and defines the most probable area
within which the maximum winter {and annual) peak concentrations occur.

Locate all prospective monitoring sites within the circuylar area. Elim-
inate from consideration all buildings with SO source points (stacks). Next,
using a procedure similar to that described for neighborhood stations, estab-
lish the prevailing winter (or annual, whichever applies) upwind direction
and draw arcs 200 meters from each prospective monitoring site in the upwind
direction. This 200-meter distance is the "source interference distance”
(SID).* See Figure 4-15 for an illustration of the procedure.

Wind direction
associated with
max frequency of
impacts from nearby
sources probably
the winter prevail-
ing direction.

* Source points.

O Prospective monjtoring
sites unduly influenced Siting A

by nearby sources, 1iing frea

® Candidate sites from
which final selection
will be made.

SID = 200 meters. \ .| Peak Concentration Point

City
Boundary

Winter or Annual 502 Pattern in Urban Area

FIGURE 4-15. Schematic illustration of middle-scale siting procedure .
for peak concentration stations.

* Since we want to measure the maximum collective annual impacts from all
point sources, the SID applies only to area source elements. In that
sense, the SID is analogous to the PSID.
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From the emissions inventory, Sanborn maps and/or survey results identify
and plot all SO, source points (stacks) within the siting area and up to the
SID in the upwind direction. Draw 10° plumes downwind from all source points
located within the SID of each prospective monitoring site as shown. The
final site is selected from among those sites not intersected by a 10° plume.
Since we are now dealing with spatial scales in which we are becoming inter-
ested in impacts from local sources, the use of 20° sectors is not so impor-
tant and their use is optional.

The above analysis should be extended to other wind directions proceed-
ing from the next most frequent until only one prospective site location re-
mains. This will be the final site location and could be considered perman-
ent. The physical characteristics of the site and inlet exposure are the
same as those shown in Table 4-5 (see Page 45).

4.4.1.2 24-Hour and 3-Hour Maximum Concentration Stations

The procedure for locating these stations are the same as for the annual
peak station except for the following points.

1) Assume that the short-term peaks occur in winter. Their loca-
tions will be determined on the basis of winter simulation
analyses.*

2) The wind directions used will be those of the worst case mete-
orology--i.e., those which are associated with the 24-hour and
3-hour concentration peaks.

3) Regarding the peak 3-hour station, prospective stations should
be considered temporary with the final site location refined on
the basis of mobile sampling. Such sampling should be done when
the 3-hour worst case meteorological conditions are forecast.

4} There is an alternative to the 3-hour site location as deter-
mined from the above analysis. It is possible that the 3-hour
Ppeak concentration occurs under an inversion situation with a
general inflow of air toward the urban center ("heat island"
effect). The urban center here can be considered the area of
the maximum SO emission density due to area and point sources,
analogous to that associated with the emergency episode sta-
tions., It is not unlikely that the maximum temperature excess
point, air inflow convergence point, and peak concentration
point will be found near the center of this area. Thus, un-
less the addition of point sources to maximum emission zone
calculations significantly changes the location of the zone
based on area sources alone, or if the city is geographically
complex, the emergency episode station{s) can be considered a
heat-island related 3-~hour peak station as well.

* If only major point sources contribute significantly to urban SO;, see

Section 4.5,
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It is possible that some or all of the peak concentrations (3-~hour, 24-
hour, and annmual) occur near the same location. In these cases, only one site
will be required and located/verified by using the procedures applicable to
each averaging time involved.

If there is a choice between the 3-hour peak site based on diffusion mo-
del results versus the emergency episode station, consider both but make the
final decision on the basis of mobile sampling (as addressed in Item 3 above)
results. See Table 4-5 (Page 45} for site characteristics and inlet exposure
criteria.

4.4.2 Population Exposure and Projected Growth Stations

The siting procedures for these stations are a continuation of the pro-
cedure described in Section 4.3.2 (second item of decision process for deter-
mining number of sites required for characterizing area of interest) and by
Fiqure 4-8c (see Page 41). Therefore, at this point it can be assumed that
the area of interest has already been divided into an appropriate number of
middle scale parcels. The siting procedure continues by first establishing a
siting area in each parcel. Try to limit the siting area to the central strip
of the parcel as shown in Figure 4-16. Then, use the annual peak station sit-
ing procedure discussed in Section 4.4.1.1, but with one additional wind di-
rection--that defined by the direction of the siting area and the center of
the maximum emission zone of the city (for example, see Figure 4-9, Page 42).
This wind direction defines the most probable direction associated with the
shorter term peak concentrations resulting from center city sources, which
almost certainly impact essentially uniformly over the entire parcel.

Population
exposure/projected
growth area
of interest

Idealized ground level
urban 50, pattern

pid A ’ /

i .'-u-.'-ml‘i- I

Siting Area for Parcel 1 »/t’fiz,»”—::r g ‘ﬂ“mmwm"
Siting Area for Parce] 2 / \\\

Siting Area for Parcel 3 ___~—#72:_,,’2/’

FIGURE 4-16. Schematic showing population exposure or projected growth area
divided into middle-scale parcels and recommended siting areas.
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The final site should be chosen such that nearby local sources in this direc-
tion also will not unduly impact at the monitoring site.

4.5 PROXIMATE, MIDDLE-SCALE STATIONS -~ Urban Sources

There are two siting cbjectives associated with proximate, middle-scale
stations--assessing the impact of a major point source in a multi-source urban
setting, and assessing the impact of an isolated point source. The procedures
for siting monitors to satisfy the first objective are heavily dependent on
the results of multi~source diffusion model simulations, point source diffu~
sion calculations and "X/(" type analyses. For the second objective,
knowledge of plume behavior in various terrain -enviromments, special surveys,
and mobile sampling results may also be required. Although middle-scale
measurements are associated with both objectives, the selection procedures
for siting monitors to achieve the two objectives are totally different. 1In
this section, only the first objective is addressed. 1Isclated point source
monitoring is discussed in Section 4.6.

Figure 4-17 is a schematic illustrating the concept of the impact of a
major point source in an urban setting. In this situation, the specific sit-
ing objectives are to:

¢ measure the impact of the point source at the urban peak
concentration point (Figure 4-17a, point X), and

® measure the maximum impact of the point source itself (at
point P of Figure 4-17a,b).

Averaging times of 3 hours, 24 hours, and one year should be considered,
particularly the shorter averaging times.

Figure 4-18 is a flow chart showing the procedure for locating middle-
scale stations for assessing the impact of individual urban point sources.
The first step is to assemble all background information. This will include:

® Physical data from point source
- peak and daily mean production rate of 50,
- stack parameters
- exact plant location.
® Emission inventory of point and area sources.
® Meteorclogical data
- stability wind roses (see Appendix A)
‘= wind persistance tables (see Appendix B, Part I).

® USGS/Sanborn maps of urban area.

® Frequency statistics of hourly wind speed and direction
{annual data).
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Quiz 1

Take this quiz to determine whether you have mastered the objectives of reading assignments 1 and 2 before
you take the final exam.

Do not use your notes or books. You may use a protractor and ruler. Take no more than thirty minutes to
complete the quiz. Check your answers against the answer key that follows. Review the pages indicated for
any questions you missed.

1. Middle scale measurements are associated with ambient air volumes with dimensions ranging from

kilometer(s).
01to(.5
0504
4 to 50
5to 10

2. Globally, about percent of all SO, in the atmosphere comes from anthropogenic sources.

a.
b.

C.

d.

75
50
25
90

3. True or False? A coal-fired power plant is a point source of SO, emissions.

4. Neighborhood scale ts the spatial scale of representativeness that is most likely to be represented by a
single SO, measurement in a(n) area.

a.
b.
c.
d.

5 A

suburban
urban
rural
regional

monitoring site is the appropriate type of site for assessing background SO,

concentraticns in a rural area.

a.

b.

proximate middle scale
general-level middle scale
general-level neighborhood scale

general-level regional scale
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Quiz 1

10.

11.

12.

13.

Q1-2

Neighborhood scale measurements are associated with ambient air volumes with dimensions ranging
from kilometer(s).

a. 4t050

b, 0.1t0o Q.5

c. 05104

d 5t010

True or False? About 20 percent of SO, emissions occur in urban areas.

sites are those associated with siting objectives that require information regarding impacts
from a specific source or a group of specific sources.

a. Proximate
b. General-level
¢. Regional
d. Neighborhood

True or False? Regional scale is the spatial scale of representativeness that is most likely to be
represented by a single SO, measurement in a rural area.

True or False? A general-level regional scale monitoring site is the appropriate type of site for
determining the peak SO, concentration in an urban area.

Urban scale measurements are associated with ambient air volumes with dimensions ranging from
kilometer(s).

a. 41050
b. 5to 10
c. 0.1t00.5
d. 0.5t04

True or False? Commercial/residential heating and fossil-fuel-fired power plants are major sources of
SO, emissions in the northern United States.

sites are those located in areas where information concerning the total air pollutant
concentration is important, but where information concerning contributions from individual sources to
the total concentration is relatively unimportant.

a. Proximate
b. General-level
c. Microscale

d. Middle scale



Quiz 1

14.

15.

16.

A monitoring site is the appropriate type of site for determining the air quality impact of an
isolated SO, point source.

a. general-level regional scale

b. general-level middie scale

c. general-level neighborhood scale
d. proximate micro/middle scale

True or False? More than one SO, monitoring site will be needed to represent SO, concentrations
over an area if the SO, concentration extremes over the area are not within about twenty-five percent
of the average value. ‘

The figure below represents a city area with relative sulfur dioxide emission rates plotted. Which of
the four general siting areas, labeled a through d, is the best site for emergency episode monitoring?

City boundary

Q1-3



Quiz 1

17. Which of the four general siting areas, labeled a through d, is the best siting area for a general-level
middle scale monitoring station for determining peak SO, concentrations?

I Middle scale
7 o a .. / area of interest
I,‘ . ; A3
;b © X
oy :
1 ‘I
= ' .
! L]
L}
1 L]
¥ ]
. ' . : d ;
Wind direction Y ;
associated with s /!
maximum frequency ' K
of impacts MO c -
frem nearby . .

sources Tl -

1 i I 1 j
0 100 200 300 400 500

Meters

O = 850, point source
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Guiz 1

18.  Which of the four general siting areas, labeled a through d, is the best siting area for measuring the
maximum m-state SO, concentration resulting from the out-of-state urban center?

Bt

In-state
urban center

State line

=)

Wind rose

=)

1 | 1 | L ]
D 10 20 30 40 &0
Kilometers

Qut-of-state
urban center

- E de e el e et e mw T M e mm mm mm Mm R R e e e A WE ke bl e EE B e e e e e e e e S e e e e
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Quiz 1

19.  Which of the four general siting areas, labeled a through d, is the best siting area for an SO, regional

mean concentration monitoring station?

=l

ol

Power plant

(s

Industrial
source

b

il

ey

Major urban area

Town
{population: 50,000)

avedily

Major urban area

Cc

il

{
(I ey sl
Homes

Wind rose

il

iebivlils

Major urban area

1 1 L [ J

o

10 20 30 40 50
Kilometers
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Quiz 1

20. Which of the four general siting areas, labeled a through d, is the best siting area for assessing the
transport of SO, from the distant city into the urban center?

el

Distant city

Wind rose

=)

el

Urban center
{population: 200,000)

l | | ] 1 t
0 10 20 30 40 50O
Kilometers
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Quiz 1 Answer Key

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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* Refer to EPA-450/3-77-013 Optirmum Site Exposure Critenia for SO, Monitoring.

Q1-8



APPENDIX™

SOURCES OF CLIMATOLOGICAL AND
METEGROLOGICAL INFORMATION

(adapted from Ludwig and Kealoha, 1975)

* Al]l references found in this appendix are listed in Section 6.0 (References)
of the main text.



A. SOURCES OF CLIMATOLOGICAL AND METEOROLOGICAL INFORMATION

One of the most helpful publications specifically designed to assist po-
tential users of climatological data is called "Selective Guide to Climatic
Data Sources," Key to Meteorclogical Records Documentation Number 4.11, pre-
pared by the staff at the National Climatic Center, Ashville, N.C., for sale
by the Govermment Printing Qffice, Washington, D.C. Its format indicates the
publication(s) in which various climatological categories (temperature, pre-
cipitation, wind, humidity, and so on) may be found. Although this publica-
tion refers primarily to published climatological data, a wealth of unpublished
climatoclogical summaries are also available on special order from the files of
the National Climatic Center, An index to the summaries that can be ordered
is given in the "Guide to Standard Weather Summaries,” NAVAIR 50-IC-534, U.S,
Navy, March 1968,

The National Climatic Center makes every effort to obtain a copy of all
meteorological records collected in the United States. These data are avail-
able and can be ordered on microfilm, magnetic tape, hard copies, or as copies
of raw data. The address and phone number are:

. Director, National Climatic Center
Federal Building
Ashville, North Carolina 28801
Telephone: (704) 258-2850

The Center answers inguiries and analyzes, evaluates, and interprets data.
Routine letters or telephone ingquiries are usually answered without charge;
other services are provided at cost.

The bulk of the data at the Climatic Center are metecorological observa-
tions made at airfields by the National Weather Service, the Federal Aviation
Administration, and the Defense Department. Table A-l shows an example of the
kind of information to be found on a three-hourly tabulation for one month at
one station. Climatic information is seldom available to the extent that it
will be desired, but ingenuity can often be used to ferret out sources not
generally available from the usual public data repositories.

At the State and regional level, fire stations, highway and transportation
departments, envirommental studies groups, air pollution districts, and uwtility
districts may have continuing meteorological records or special weather studies
available. A call directly to these agencies may result in a data source not
available anywhere else.



TABLE A-l. Example of Meteorclogical Records Available fram the NCC.
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Schools, colleges, industrial complexes (such as cil refineries), agricul-
tural research stations, radio-TV stations, and electrical power plants may co-
operate with a data collection pregram if asked.

The following publications provide important information concerning use-
ful data sources.

1) Air Pollution Control Association (1973-1974): Directory,
Govervment Air Pollution Agencies, published in cooperation
with the O0ffice of Air Programs, EPA. This directory lists
federal, state, regiocnal, and county agencies conducting air
pollution programs. Names of officials, titles, addresses,
and telephone numbers are given. Wirte to W,T, Beery, Editor,
Directory Govermmental Air Pollution Agencies, Air Pollution
Control Association, 4400 5th Ave., Pittsburg, Pa. 15213.

2) World Weather Records, Smithsonian Misc. Collections, Vol. 79,
Publication 2913, Assembléd and arranged for publication by
H.H. Clayton, published by the Smithsonian Institmtion, August
1927. This reference book contains monthly and annual means
of pressure, temperature, and totals of rainfall.

A more extensive collection comsisting of climatological data for selected
airfields and for the climatic areas in which they are located has been com-
piled by the USAF Environmental Technical Application Center (ETAC), Building
159, Navy Yard Annex, Washington, D.C. 20333. This series is also being pub-
lished by the U.S. Naval Weather Serice, Navy Yard, Washington, D.C. 20390,
under the title, U.S. Naval Weather Service World-Wide Airfield Summaries.
Table A-2 lists the available volumes in this series. Volume VIII contains
summaries for the United States. Information requests should be addressed to:

® The National Technical Information Service (NTIS)
Springfield, Virginia 22151.

3) The Climatic Atlas of the United States, 1968, is a comprehen-
sive series of monthly and annual analyses showing the national
distirbution of mean, normal, and/or extreme values of tempera-
ture, precipitation, wind, pressure, relative humidity, dewpoint,
sunshine, sky cover, heating degree days, solar radiation and
evaporation. It was prepared by the Envirommental Data Service,
NOAA, U.S. Department of Commerce, for sale by the Superintendent
of Documents, Washington, D.C.

4) Mixing Heights, Wind Speeds, and Potential for Urban Air Pollu-
tion Throughout the Contiguous United States, by George C.
Holzworth, illustrates seasonal and anmual, morning and after-
noon mean mixing heights, wind speeds, and normzlized pollutant
concentrations that were exceeded 10, 25, and 50 percent of the
time for specified city sizes. Copies of this report Office of
Air Programs Pub. No, AP-10l) may be ordered from the Office of
Tech, Information & Publs., Off. of Air Programs, EPA, Research
Triangle Park, N.C. 27711.



TABLE A-2

Published Volumes of World-Wide Airfield Summaries

1 NTIS
Volume Name Accession No.
I Southeast Asia (revised) AD-706-355
i1 Middle East
Part 1 AD-662~425
Part 2 . -AD-622-427
IXI1 Par East . AD-662-426
Iv Canada-Greenland-Iceland AD-662-424
v Australia-Antarctica (including S. Pacific Is.) AD~662-648
VI South America
Part 1 AD-664~828
Part 2 AD-664-829
VII Central America AD-671-845
VIII United States of America
Part 1. W. Coast, Western Mtns,.,, & Great Basin AD-688-472
Part 2. Rocky Mtns. and Northwest Basin AD-689-792
Part 3. Central Plains AD-693-49]1
Part 4. Great Lakes . AD-696-971
Part 5. Mississippi valley AD-~699-917
Part 6. Southeastern Region AD-701-719
Part 7. East Coast and Appalachic. Region AD-703~606
Part 8. BAlaska and Hawaii AD-704-607
IX Africa
Part 1. Northern Half AD-682-915
Part 2. Southern Half AD-682-915
X Europe

Part 1. Scandinavia and Northern Furope
Part 2. Iow Countries and British Isles
Part 3. Alps and Southwest Europe

Part 4. Mediterranean

The National Climatic Center will Prepare special data summaries. They
also have standard computer Programs available for special summaries. One of
the most useful summaries for air pollution studies is that prepared by the
STAR program, It is a joint frequency distribution of atmospheric stability
and wind speed and direction. The atmospheric stability is calculated objec-
tively from the cloud cover and wind data. This stability algoritlm is based
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on the work of Pasquill (1961). The summaries can be based on any extended
period of record with separate cutputs for the months or seasons, as well as
an annual summary. There are some pollution models that use the output of
STAR program as part of their input requirements. The National Climatic Cen-
ter has computed these summaries for over 250 weather stations in the United

States. These stations are listed in Table A-3.
TABLE A-3
List of Stations for Which Stability-Wind-Rose
Tables have been Prepared*
Statioms for vhich Local Climatologicsal Dacta sre iwsued, as of January 1, 1969
abe Biraingham CALTFORNIA FLORIDA IOWA
abe Huntaville abe Bakersfield ac Apalachicola abe Burlingroa
abe  Mobile e Bishop abc  Daytens Beach abc  Des Moines
abc  Montgomery ot Blus Canyon sbe  Fort Myers ac Dubuque
:: Eureka abe Jacksonville abc Sioux City
< Fresno abe Key West abe Waterloo
ALASKA Y
abe  Anchorage abe ::‘:B;';h “be Lakeland -
abe Annetce ab A geles L Miam{ N
abe Barrow € irport abe Orlando abe Concord ia
abe Barter Island ac Civic Center abe Pensaccls abeg Dodge City
abe Bethel ac Mt. Shasta abe Tallahaszee abe Goodland
ab Bettles sbe  Oakland abc  Taupa abc  Topeka
ab 3ig Delta l:-: Red Bluff abe West Palm Beach abe Wichita
abc  Cold Bay o oacramanto
andberg GECRGIA KENTUCKY
abc Fairbanks b Sa »
ac Farewell < n Diego abc Athens abe Lexington
abe Gulkana San Franclsco abe Atlanta abe Louiaville
abc Homer abe Alrport abe Auguata
abe  Ilianma Ac Cicy abc  Columbus LOULSTANA
abc Juneau e Santa Maria abe Macon abe Alexandrin
abe  King Salwon abc  Stockton ac Roae sbe  Baton Rouge
abe Kotzebue abc Savannah abc Lake Charles
abe McGrath abe New Orleans
ab Neonana COLORADO RAWAIL abe Shreveport
abe Howme ac Alamosa ‘:C Hilo e
abe  St. Paul TIsland abe  Colorado Springs ade Honoluly
abe Y abe Denver abe Kahului ::c Caribou
abe [ —— abe Grand Junction abe Lihue Portland
abe Talkestns abe Pueblo
ab Tanana IDAKD MARYLAND
sbc  Unalakleet CONNECTICUT sbe I‘:“' abe  Baltimore
ac wiston
e Yakueat abe  Bridgepore abc  Pocatello MASSACHUSETTS
abe Hart ford Boston )
abc n::luff ke NewHaven 1LLINOTS abc Afrport
abe Phoenix DELAWARE a Cairo ac Blue Hill Obs,
abe Tucson abe Wilmington Chicago abe Nantucket
abc  Winslow abe H'idvly Airport abe Worcestar
abe  Yura DISTRICT OF COLUMBIA ::c Hog inn:re Adrport
abe Washington abe Peord
ARKANSAS e Rochford MICHICAN
abe Fort Saith e s“m ield abe Alpena
abc Little Rock pringiie Detroit
abe City Alrport
INDIANA abe Detroit Metro AP
abe Evansville
abe F abe Flint
abe 1::: lhyn; abe Grand Rapids
abe S ;";::dh abc Houghton Lake
out! abe Lansing
ac Marquette
abe Muskegon
CONTINUED abe Smult Ste. Marie

* Only those stations having at least the "b" indicated.
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Table A-3. Continued.
MINNESOTA NEW YORK PENNSYLVANIA UTAH
abe Duluth abe Albany ahc Allentown ace ¥ilford
abe International Binghamton abc Erie abe Salt Lake Cicy
Falla abe Airport abe Harrisburg ac Wendover
abe Min'p'l's-St. Paul abe Buffalo abe Philadelphia
abc Rochester Hew York Pittsburgh VERMONT
‘IC St. Cloud abe Central Park abe Alrpore abe Burlington
abe Iot'l. Airport ac Ciey
abe LaGuardia Field ac Reading
HISSISSIPPI abe Rochester abe Scranton VIRGINIA
abe Jackson sbe Syracuse abe Williamsport ac Lynehburg
abe Heridian RHQDE 1S abe Norfolk
LAND abe Rich
NCRTH CARGLINA ac Block Island abe R,:,‘:::d
MISSOURI abc  Asheville abe  Providence 3 Wallopa Island
abc Colunbis abe Cape Hatteras ®
abe  Kansas City abe  Charlotte SOUTH CAROLINA
abe 5t. Joseph abe Greensboro Charlescon WASHINGION
abe Sc. Louts abe Raleigh abe Alrport abe Olumpia
abe Springfield abe Wilaington a city a:c Quillayute Airpore
abe Columbia abe Seatcle-Tacoma AP
MONTANA NORTH DAKOTA abe  Greemvilla- abc  Spokane
abe Billings abe Samarck Spartanburg ac Stampede Pass
abe Glasgow abe Farge ac Walla Walla
abc  Crear Falls abc  Williston SOUTH DAKOTA abc  Yakima
abe Ha\{re abe Aberdesn
abec Helena abe Huren
abe Kal{spell abc Rapid Cicy abe Sa:E:‘r INDIES
< Miles City OHIO abe  Shesx Fall uan, P. R.
abe Akron-Canton oux L ac Swan Island
abe Missoula Clincinmats
ac Abbe Obs. TENN
abe Alrport abc Brl::nisx! b VT VIRGINIA
NEBRASKA abe Cleveland abe Cha abc Beckley
abe Grand Island abc Columbus ttancoga abe Charleston
ac Lincoln abe Dayton abe Knoxville ac Elkina
ac Norfolk abe Mansfield abe Hemph!s abe Huntington
abe North Platte abc Toledo abc Nashville ac Parkersburg
abe Owmaha abe Youngatown Dak Ridge
abe Scottsbluff s . Area Staciona WISCONSTN
ac Valentine OKLAHOMA ac Cley abe  Green Bay
ab Oklahomz Cit: abe
be EI:EVADA' ab: m}.!l Y TEXAS abe Hl:d:.:::!’lag
:hc Ely° abe Abilene abe Milvaukee
abe Las Vegas ORECON ::: m:::lo ——
abe Reno abe Astoria b
abe Winnemicea e pahing abe Brownsville :h: g:'l’ﬂ'
- abe Eapene abc Corpas Chrisci abe hg“‘“‘
NEW HAMPSHIRE ac Mescham ::: B'::I;:o abe Sher::l-ln
abe Concord abe Medford abe El Paso
e ke Washington abc  Pendlston abc  Port Worth
abe  Portland ac Galveston
abe Salem b
NEW JERSEY abe Houston
Atlantic City &c Sexton Summit abe Lubbock
sbe Afrport ::c l;idtaxdth
3 State Marina < °rt Arthur
ebe —— PACIFIC ISLANDS abe San Angelo
ac Trenton ac Guam abe San Antonio
abe Johnzaton abe Victoria
abe Koror b
NEW MEXICO . abe  Waco
abc  Albuquerque :: ;:;i:;eiu abe Wichita Falls
ac Clayton abe Pago Pago
abe Roswell abe Ponape
abe Truk (Moen)
abe Wake
abe Yap

a. Monthly zumnary issued.

b, Honchly summary includes 3-hourly observationa.

c. Annual Summary lazued.
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PART I. Multi-Source Urban Settings
PART TI. Isolated Point Source Monitoring

* All references found in this appendix are listed in Section 6.0 {References)
of the main text,



B. SUGGESTED APPROACHES FOR. DETERMINING WORST CASE
30, PATTERNS AND ASSOCIATED METEOROLOGY ‘

This Appendix was prepared to serve as guidance for utilizing short-term
diffusion model simulations in selecting monitoring sites. Such simmlations
may be required to determine approximate locations of monitoring sites for
measuring short-term peak concentrations under near worst case conditions.
Part I addresses the situation in multi-scurce urban settings. Part II ad-
dresses isolated point source monitoring.

It is strongly recommended that a diffusion meteoroclogist be consulted
in developing procedures for specific applications. Presented below are ap-
proaches that address the problem areas; they should not be construed as con-
stituting the only approaches,

B.I MULTI-SOURCE URBAN SETTINGS

This suggested approach utilizes the programming logic incorporated in
the AQDM computer program. What is presented here is not a detailed listing
of a program modification but a description of a suggested modification and
how such a medification, when used in conjunction with wind direction persis-
tence tables, can estimate the approximate locations where the short-term con-
centration peaks should occur. The program modifications themselves could be
accomplished quite easily with the aid of a diffusion meteorologist.

The AQDM utilizes emission rates from a set of pollutant sources and a
joint frequency distribution of wind speed, wind direction, and atmospheric
stability (stability-wind-rose, SWR). The total concentration at a specific
receptor is obtained by utilizing each element of the SWR to calculate the
partial concentration that a source contributes to the receptor and summing
over all sources, There are six wind speed classes each representing a wind
speed range, five stability classes, and sixteen wind directions for a total
of 480 elements or "cells" that comprise the SWR. However, normally only
about one-half of the cells are "filled" and only those that establish the
source as being upwind of a receptor are utilized.

Utilizing the winter quarter SWR (Dec-Jan-Feb) and making appropriate
changes in "print" or "write" statements, it would be possible to print 480
{(or a number equal to the number of filled cells) maps of pollutant concentra-
tions, one map for each combination of wind speed range, wind direction, and
stability class, All 480 maps could be stored on tape and only those five or
so maps having the highest concentration peaks at any receptor need be printed

B-1



out and analyzed. It is recommended that the SWR be "normalized" by changing
the indicated fregquency of occurrence of each meteorological coambination {cell)
te a constant value for all cells. This value could be "1" or the inverse of
the number of cells filled, etc. The purpose of this procedure is to elimin-
ate the bias due to relative frequencies of occurrence. For example, a high
frequency of occurrence of a given combination could actually be composed of
many short periods, no individual period being characterized by a high concen-
tration; on the other hand, a low frequency of occurrence may consist of a sin-~
gle long period of persistent wind direction resulting in a high concentration
peak. Therefore, the use of normalized meteorclogy along with wind direction
persistence information will more likely reveal the location of the peak con~
centrations.” Apother important point is that the distribution of sources,
source strengths and emission heights in combination with a unique metecro-
logical condition results in the highest ground-level concentrations (the near
worst case meteorological condition).

The persistence of the wind direction over the worst case condition de-
termines the averaging time of the peak. Three basic time periods are recom-
mended to be considered. For the three<hour Peak analyses, the daytime period
from 1000 to 1900 LST and the nighttime period (2000-0900LST) should be con-
sidered separately. For the 24-hour peak analysis, consider the 24-hour period
0000 to 2400 LST.

Wind direction persistence tables for the weather station of interest for
each of the three basic time periods may be requested from the National Clima-~
tic Center or generated by a computer Program using ICD data (wind)., A sug-
gested format is shown in Table B-1, or graphically, in Figure B-1. Since ob-
servations are taken at 3-hour intervals, two consecutive observations having
the same wind direction would constitute a 3-hour persistence case; three con-
secutive observations, a 6-hour case; etc.

TABLE B-1

Tabulated Persistence Data for NW Wind Situation
{192 obs/yr, 7% of total wind obs)

Persistence (hours)
NW Wind
3 6 9 12 15 1s 21 24
Frequency (#) 40 12 7 5 4 3 2 1
Frequency (%) 21 6 4 3 3 2 1 1
{192 base)
Y. |
d
Median® Speed li Ei _2 12
Medal? Speed 17 9 11 10
(%) {50) (30) {60) (25)

1. wina speed that divides sample in half.

2 Most frequently occurring wind speed.
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"FIGURE B-1l. Graphical presentation of persistence data, NW wind case from
Table B~1l. Graphs may be prepared by season, day/night, etc.

B.II ISOCLATED POINT SOURCE MONITORING

This approach alse utilizes standard Gaussian diffusion concepts. It is
assumed that the reader is familiar with the various kinds of graphical solu-
tions to the Gaussian peint source diffusion equation such as that shown in
Figure B-2. 1In any case, "Turner's Workbook"” (Turner, 1974) contains most of

the support information and should be consulted (also, see Appendix E, Sec.E.3).
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The approach presented here is generally applicable to terrain settings
ranging from flat to moderately rough and irregular. Its application to rough
and irregular terrain can be accomplished by substituting appropriate diffu-
sion coefficients, such as those presented by Bowne (1973) for those valid
only for flat terrain in the Gaussian point source equation. In this mAnNer,
graphical solutions can be prepared for various terrain settings. Suggested
approaches for dealing with the 3-hour and 24-hour averaging times are given
below.

B.II.l1 Three-Hour Peak Concentrations, Their Locations, and Associated
Meteorology

The critical wind speeds for each stability class (A, .B, and C) are first
determined; these winds produce the highest ground-level concentrations down-
wind of the plant. The wind directions associated with the critical wind
speeds (see Table B-2 for example) establish the downwind azimuths along which
candidate siting areas are established. Graphical solutions to the Gaussian
equation in a form similar to Figure B-2 is used to determine their approxi-
mate distances downwind. WNext, a decision has to be made regarding selecting
the final site or sites. Since stability Class A will usually be associated
with the highest peak but may not have the highest frequency of occurrence,
two sites may be appropriate:

a) one site associated with the most unstable stability class
to measure the highest peak:

b) the other site associated with a high peak that occurs very
often (see Table B-2, second column).

The meteorology associated with each of the above situnations is the worst case
meteoroclogical condition for those situations.

B.IT.2 Twentyfour-Hour Peak Concentrations, Their Locations, and Associated

Meteorologz

The situation associated with the 24-hour average impact is somewhat dif-
ferent than that associated with the 3-hour impact. The plant will probably
not be operating at its peak production rate for 24 hours and the atmospheric
stabilities may involve the full range of classes.

The following procedure is recommended:

® Determine the critical wind speed for stability class D (repre-

sents 24-hour average stability); in the calculalation of ef-
fective stack height, stack parameters should reflect the
average daily emission rate. PFrom wind persistence tables
(e.g., Figure B-1) representative of the area of interest,
ascertain the most persistent wind directions (e.g., the five
or so of longest duration. The median and modal speeds asso-
ciated with the directions are then noted. These speeds can
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TABLE B=2*

Illustration of Use of Stability~Wind~Rose for Determining Site locations

‘ Monitoring Isolated Point Sources
{Assume a critical wind speed of 2 knots; NMNE direction from source: azimuth
for monitoring the highest peak concentration; NE direction from source: az-
imuth associated with frequently occurring high peaks. Use Fig. B-2 for de-
termining downwind distances. Verify via mobile sampling.]

' Frequency Distribution
) i | ‘ ~ Speed (knots)
Direction i ¥ Average
"1-3 4-6 7-10 11-1i6 17-21 >21 Speed Total
N 19 35 15 0 0 0 5.0 69
NNE 15 29 8 0 0 0 5.0 52
NE 6 11 3 ] 0 o 4.8 21
ENE 2 9 4 - o o) 0 5.6 15
E 7 10 4 o 0 0 4.8 21
ESE 2 6 3 0 [¢; 0 5.2 11
SE 9 4 1 Q 0 o 3.6 14
SSE 2 3 0 o 0 0 4.0 5
s 16 14 4 0 0 0 4.2 34
SSW —— 34 22 0 0 0 4.9 85
SW — 22 13 0 0 0 4.8 76
WSW 15 13 7 0 0 0 4.6 35
W 12 22 5 0 ¢] 0 4.7 35
WHNW 15 18 13 0 0 0 5.1 46
NW 4 i8 15 o 0 o 5.9 37
NNW 7 12 6 0 0 0 4.8 25
Average 2.6 5.2 7.3 0 0 0 3.5
Total 182 250 123 o 0 o
Number of Occurrences of A Stability = 805
Number of Calms with A Stability = 221

* Station = 14703 Chicopee Falls, Mass 60-64 240B (adapted from NCC printout}).

be used to characterize each persistence period; the modal speed should be used
if it occurs about one-third of the time oxr more--otherwise the median speed
may be more representative. Next, a judgemental decision must be made regard-
ing the selection of the probable direction associated with the highest concen-
tration. For this purpose, it can be assumed that the maximum concentrations
are associated with the longest persistence periods with characteristic speeds
nearest the critical wind speed. Therefore, if there are several persistence
periods exceeding 24 hours in duration, the direction whose characteristics
speed is closest to the critical wind speed may be deemed the worst case con-
dition. Otherwise, the most persistent direction, regardless of its character-
istic wind speed, will best represent such conditions, Graphical solutions to
the Gaussian equation similar to Figure B-2 may be used to determine the re-—
guired distance downwind to the siting area.
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Cc. MOBILE SAMPLING

Mobile sampling can satisfy several important needs in S0, monitoring,
particularly those related to isolated point source impacts. Among them are:

) to reveal ground-level S0O7 patterns, especially over complex
terrain; '

® to determine the location of the maximum ground-level impact
point of a plume emitted by an elevated source; and

® to define the spatial distribution of plume material.

Several kinds of instruments are available for mobile sampling of SO;.
Those based on Flame Photometric Detection (FPD) are usually sensitive and
fast~responding instruments. Alsc, remote sensing devices such as a correla-
tion spectfometer may be used to measure the total vertical burden {or inte-
gral of the pollutant) over a point. A small vehicle may be used to transport
the equipment,

Several sampling techniques can be utilized in mobile monitoring. Jepsen
and Weil (1973) describe a rather successful approach in the State of Maryland's
power plant impact studies. From their work, Figure C-la shows an idealized
mobile lab traverse route setup and Figure C-lb shows a typical plume disper-
sion pattern at ground-level and total burden in the vertical.

Martin, et al. (1967) describe a tracer study in which the spatial dis-
tribution of plume material is revealed by sampling at 30 to 50 sites along
several crosswind arcs downwind of the release point (see Figure C-2). The
crosswind dispersion parameter, o can be computed from the data obtained
and used in conjunction with wvalues of other key variables (plume height, wind
speed, etc.) to derive the vertical parameter, g, - Mobile sampling tech-
niques can be utilized to accomplish the same thing by traversing along the
arcs instead of measuring at 30 to 50 stationary points along the arcs.

In complicated terrain, plume patterns become distorted and a regular
pattern may not be observed., Crosswind traversing is probably not possible
either. Therefore, for additional gquidance in these situations, the vertical
sensing capability becomes more important; the total burden aloft over a point
can indicate whether high concentrations will be found farther downwind.
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FIGURE C-1. (a) Ideal plume and measurement
pattern. (b) Plume dispersion pattern at
Chalk Point power plant. (Adapted from
Jepsen and Weil, 1973.)
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D. SOQURCES OF LAND-USE AND TOPOGRAPHICAL INFORMATION

The extent and availability of land use data is dependent on the specific
area under study and what one chooses to call "land-use information". The
more formal information can be obtained at different levels of government.
Some states- have developed sizable data bases as an aid in generalized state
planning (i.e., Connecticut, Florida, Hawaii, Maine, and Vermont). The major-
ity of states, however, are just beginning the information gathering process.
Land-use information for nonurban areas is best obtained from State Planning
and regional agencies.

Regiconal planning agencies (e.g., the Denver Council of Govermments in
Colorado, Southeastern Virginia, Planning District Commission, and the Com-
Prehensive Planning Organization in San Diego) can be excellent sources of
information. These regional agencies gather sociceconomic, existing land-use,
and transportation data. Comprehensive regional plans can then be prepared
to provide projections of long range demographic growth and land use.

Cities and counties will usually have current, readily available data on
population, employment, existing and projected land use, general development
plans, and zoning regulations. BAlso, they will be able to provide basic
transportation information and maps of major arterials and proposed thorough-
fares.

In cities with schools of urban and regional planning, planning profes-
sors can help the researcher meet specific needs. Also, their libraries can
be researched for applicable graduate and doctoral theses which are frequently
case studies of the immediate vicinity.

There are other sources of land-use information that are not specifically
directed to the topic. Good maps or aerial photographs can provide a lot of
useful information that may not be available from conventional land use sources,
Useful sources of information for the United States are discussed next.

D.l U.S. BUREAU OF THE CENSUS

Demographic and sociceconcmic information of use to planners is available
from the Department of the Census. Data developed by census tracts can be
used to answer questions regarding a neighborhood's population and character-
istics. Census tract information can be outdated, so it should be supplemented
by material developed by the city, county, or regional planning bodies.
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D.2 U.S. GEOLOGICAL SURVEY (USGS)

D.2.1 Topographic Maps

Topographic maps portray man-made and natural features, and the shape and
elevation of the terrain. The usefulness of topographic maps is revealed in
their accuracy, availability, economy, and wealth of detail. All maps are
classified according to scale. The map scale expresses a ratio between the
features shown on the map and the same features on the earth's surface. A
scale of 1:24,000 states that one unit on the map represents 24,000 units on
the ground. Figure D-1 is an example of three maps scales of the same area
showing the type of information that is available in large, medium, and small
-scale maps. Table D-1 is a summary of the principal maps and their essential
characteristics. A booklet describing topographic maps and symbols is avail-
able free upon reguest from the Geological survey. To order maps of a speci-
fic area, first obtain a state index map by asking for the "Index to Topo-
graphic Maps of (state)." An order form is included with each index as well
as a list of local merchants that may stock topographic maps. Map reference
facilities are also maintained in many public¢ libraries. All maps for areas
west of the Mississippi may be purchased by mail or over the counter from:

. Distribution Section
U.5. Geological survey
Federal Center
Denver, Colorado 80225

And for areas east of the Mississippi:
) Distribution Section USGS

1200 S. Eads Street
Arlington, Virginia 33303

.+D.2.2 Photoimage Maps

Photoimage maps are available in the 1:24,000 scale. These are a new
standard product called the orthophotoquad maps. An orthophotoquad portrays
by aerial photoimagery a wealth of detail not found in conventional line maps.
Yet there is the same positional accuracy as in standard topographic maps.
Orthophotoguads are reproduced in black and white as photographic, diazo, or
lithographic copies. Diazo or lithographic products are comparable in price
with 7.5 minute topographic maps. To obtain an index of orthophotoquad avail-
ability, contact the:

. National Cartographic Information Center (703) 860-6045
U.S. Geological Survey
National Center, Stop 507
Reston, Virginia 22092

Figure D-2 shows a portion of the orthophotquad index, legend, and a
coded portion of the state of Florida (USGS, 1974).
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1:24,000 scale,

1 inch = 2000 feet
Area shown,

1 square mile

(a) LARGE
SCALE

o XA e, A
SHCE OIS ERAL R

: v - .
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; ;),.7‘.‘_2,___,’.}7;:?. Pl 1‘.;' 4 ,

1:62,500 scale,

1 inch = pearly 1 mile
Area shown,

6-3/4 square miles

(b) MEDIUM
SCALE

1:250.,000 scate,

1 inch = nearly 4 miles
Arga shownm,

107 square miles

() SMALL
SCALE

FIGURE D-1l. An example of the informational content of the large (a},
medium (b), and small scale (c) topographic map.
{Taken from USGS, 1969.)



=ORTHOPHOTQQUAD INDEX

T ‘ Suse ' Dacamber 1974
?‘@B%E%%‘” . surus or omomorocoos

ORTHOFROTCQUADS : Menecoler orthographic photograph or
photomosaic in quadrangle format wvith
minisal cartographic enhancemant.

o Flanaed Note: No product or copy availsble.
(D Asrial Photography High Altitude, mostly quad centered.

o Advance copy Final copy for approximately 90 percent
of orthophatogquads. (For ordaring
fnstructions refar to state advince
naterial index, available from appropriaca
Mapping Center au fadicaced balov or fros
the Mationsl Cartegraphic Information
Cencer, U. 5. Gaological Survev {507},
Ranrom, Virginia 22091.)

. Fublishaed {For ordering {pstructions refer to stats
indax to topographic maps, available from
che Branch of Distribuction, U. 5. Geological
Survey, 1200 5. Esds Strest, Arlingcon,
Virgtnia 12102 or Fedaral Ceatar, Demver,
Calarado BO225.)

FIGURE D-2. A portion of the orthophotoquad index showing the legend and
a portion of the state of Florida.
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TABLE D-1

National Topographic Maps
(taken from USGC, 1969)

Standard Quadrangle Paper size
Series Scale 1 inch represents quadrangle size ares E-W N-§
{latitude-longitude) (square miles) width length
{inches)
Tle-minute 1:24,000 2,000 feet Tex T min 49 to TO 1 2% 27
Puerto Rico 7'-minute 1:20.000 about 1,667 feet Tiex T'¢ min. T 29% x 32%
I5-minute 1:62.500 nearly 1 mile 15x 15 min. 197 to0 282 Tx21
Alaska 1:63.360 - 1:63.360 1 mile 15% 20 to 356 min. 207 to 281 118x21
U.S. 1:250,000 ’ 1:250,000 nearly 4 miles 3 x2* 4,580 to 8,669 ‘3 x2
U.S. 1:1.000.000 1:1,000,000 nearty 16 miles 14" x6* T334 to
102,759 2Tw 21

18uth of latitude 317 T'=minute sheets are 23 x 27 inches; 15-minute sheets are 18 x 21 inches.
2xouth of latitude 62° sheets are 17 X 21 inches.

1)Maps of Alaska and Hawaii vary from these stzndards.

4 North of latitude 42° sheets are 23 x 22 inches. Alaska sheets are 30 % 23 inches.

D.2.3 Earth Resources Technology Satellite

The Earth Resources Technology Satellite {(ERTS) has the multi-spectral
sensors on board that "photograph" the earth's surface in the wvisible through
near-infrared range. The potential of such a capability for land-use mapping,
updating, and projection is currently a subject of extensive study. The im-
ages received from the satellite are available for sale as individual frames
each covering an area approximately 1000 x 100 nautical miles with a 10 per-
cent overlap along the spacecraft track. Table D-2 lists the picture products

available from ERTS,
TABLE D-2

Picture Products Available from ERTS
(adapted from EDCDM Form &)

Image Size Scale Material
70 met (contact size) 1:3,369,000 Resin coated paper, film positive
or negative
7% x 7% inches 1:1,000,000 Resin coated paper
15 x 15 inches 1:500,000 Resin coated paper
30 x 30 inches 1:250,000 Resin coated paper

For more information, contact the ERTS Data Center, Sioux Falls, S.D., tel.
(605) 339-2270. The ERTS Data Center has substantial holdings of images ac-
‘quired by aircraft throughout the United States. They invite inquire regarding
availability of suitable coverage of your area of interest (USGSEDC).
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A Sanborn map for a section of Portland, Oregon.

FIGURE D-3,




D.2.4 Sanborn Maps

Sanborn maps are land use maps prepared by the Sanborn Map Company. They
are plotted to a scale of 1 inch to either 50 or 100 feet showing details such
as streets, railroad tracks, lot lines, building dimensions, nature of the
building material, number of stories, height of the buikding, and use of the
building. Sanborn maps are used primarily for fire insurance purposes. Local
sources may be fire insurance ocffices, realtors offices, city planning, and
the county courthouse. For information, contact:

® The Sanborn Map Company, Inc.
629 5th Avenue
Pelham, New York 10803
ATTN: G. Greeley Wells
Tel. (914) 738-1649

Figure D-3 is an example of a Sanborn map for a section of Portland,
Oregon.
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E. AVAILABLE AIR QUALITY SIMULATION MODELS APPROPRIATE
FOR S0 MONITOR SITING ACTIVITIES

This Appendix briefly describes several air quality simulation models
that are appropriate for use in determining approximate locations for S0, mon-
itors. Most have been widely used by govermment agencies and private groups
for routine. source impact assessments and control strategy evaluations. The
model descriptions presented below were abstracted from user manuals or from
other sources as indicated.

E.1 ATIR QUALITY DISPLAY MODEL (abstracted from EPA, 1974e)

The Air Quality Display Model (AQDM) is a Gaussian plume urban dispersion
model which is best used to determine the impact of a wide variety of station-
ary source classes on annual average concentrations of SO, and TSP. Short-
term averages and single source assessments may also be obtained. The model
has been applied. to many multi-source urban areas with a high degree of suc-
cess.

The model is based on the standard long-term concentration equation:

2Q f (8,S,N)
2r X
Var o uN(-.T-_,5 )

X(X,B) = Z 2
S N

2
1 Hu
P 7(“;'5)

where f(9,5,N) is freguency during the period of interest that the wind is
from direction © , for the stability condition S, and the wind speed class
N : and

(E-1)

L S,¢ is the vertical dispersion parameter evaluated at the
distance X for the stability condition S ;

. Uy is the representative wind speed for class N ;
. Hu is the effective height of release for the wind speed
Uy .
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The model is used to determine the impact of all sources at a given receptor
for a given set of meteorological conditions. It then weights this concentra-
tion by the frequency with which that particular set of meteorological condi-
tions occurs and then sums over all meteorological conditions, thus producing
a long-term average concentration. Basic inputs to the model are a comprehen-
sive emissions inventory including both point sources and area sources. Mete-
orological input is a joint frequency distribution of wind speed (6 classes),
wind direction (16 cardinal points), and stability class (Pasquill classes
A-E) along with an annual average mixing height. The dispersion model can be
used to estimate concentrations at any point downwind that is specified. Up
to 1000 sources may be specified and concentrations may be calculated for up
to 237 receptors. Although the original model did not contain a decay term,
such a term can be easily incorporated. The AQDM produces a source contribu-
tion file which allows the impact of each individual source on air quality to
be obtained. The AQDM is available from the National Technical Information
Service (NTIS), NTIS PB 189 194.

E.2 EPA SINGLE SOURCE MODEL (unpublished EPA computer program; Meteorological
Laboratory, 1972)

E.2.1 Basic Model

The model used to estimate ambient concentrations is one developed by the
Meteorology Laboratory, EPA. This model is designed to estimate concentra-
tions due to sources at a single location for averaging times from one hour
to cne year.

This model is a Gaussian plume model using diffusion coefficients sug-
gested by Turner (1974). Concentrations are calculated for each hour of the
year, from ocbservations of wind direction (in increments of 10 degrees), wind
speed, mixing height, and atmospheric stability. The atmospheric stability
is derived by the Pasquill classification method as described by Turner (1974).
In the application of this model, all pollutants are considered to display the
dispersion behavior of non-reactive gases.

Meteorological data for 1964 are used as input to the model. The reasons
for this choice are: (a) data from earlier yYears did not have sufficient re-
solution in the wind direction; and (b) data from subsequent years are readily
available on magnetic tape only for every third hour.

Mixing height data are obtained from the twice-a-day upper air observa-
tions made at the most representative upper air station. Hourly mixing heights
are estimated by the model using an objective interpolation scheme.

Calculations are made for 180 receptors (at 36 azimuths and five select-
able distances from the source). The model used here can consider both diurnal
and seasonal variations in the source. Separate variation factors can be ap-
‘Plied on a monthly basis to account for seasonal fluctuations and on.a hourly
basis to account for diurnal variations. Another feature of the model is the



ability to compute frequency distributions for concentrations of any averag-
ing period over the course of a year. Percentages of various ranges in pollu-
tant concentrations are calculated.

E.2.2 Complex Terrain Options

E.2.2.1 Terrain Elevations Below Plume Height

To simulate the effect of moderately elevated terrain in the wvicinity of
a plant, an optional form of the basic model may be used. This optional mo-
deling program uses a terrain adjustment procedure which considers the differ-
ence between the plant elevation and the elevation at each receptor. Ground
elevations on 10 degree radials as well as points of maximum elevation are
determined from USGS quadrangle maps. The diffusion model then uses the dif-
ference between the plant elevation and receptor elevation to modify the ef-
fective stack height and thereby adjust the predicted concentrations.

E.2.2.2 Terrain Elevaticn Above Plume Height

In higher relief areas, the topography at certain plant sites is above
the calculated plume height for at least one stack at the plant. In this case,
an alternate model is used. The model used to estimate short-term concentra-
tions is these situations is one previously developed by EPA for application
to sources located in complex terrain (Valley Model). Elevations of receptor
sites are derived from the USGS guadrangle maps of the area. The model calcu-
lates a daily average concentration at these receptor locations based on a 10
meter nearest-approach point of the plume and an assured persistence of mete-
orological conditions for 6 hours out of the 24 hours. During this period,
the wind direction is assumed to be confined to a 22.5 degree sector. The
model assumes stability class "E" and a wind speed of 2.5 m/sec. The plume
is uniformly distributed horizontally over the 22.5 degree sector.

E.3 UNAMAP* MODELS PTMAX, PTDIS, AND PTMPT (abstracted from Hosler, 1975)

These models calculate hourly averaged concentrations resulting from
point source emissions. Each model provides a different set of options for
the user,

E.3.1 PTMAX

PTMAX is a computer program that performs an analysis of the maximum
short-term concentration from a single point source as a function of stability
and wind speed. A separate analysis is made for each stack. Required inputs

* Users Network for Applied Models of Air Pollution, a library of air gquality
simulation models stored at EPA's Computer Center at Research Triangle Park,
N.C.; also available on tape via NTIS {(Accession Number PB 229 771}).
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to the program include ambient air temperature, emission rate, physical stack
height, and stack temperature; either stack gas volume flow or both the stack
gas velocity and inside diameter at the top are required. The program com-
putes effective height of emission, maximum ground level concentration, and
distances of maximum concentration for each condition of stability and wind
speed.

E.3.2 PTDIS

PTDIS is a computer program that calculates downwind ground-level concen-—
trations for various downwind distances for specified meteorology. Input re-
quirements include both source and meteorological conditions. The primary
output of the program consists of a table with height of emission, concentra-
tion for each downwind distance, and a relative concentration normalized for
wind speed and source strength. An optional feature of the pProgram allows
the user to enter a value of concentration to be used for the determination
of half-width isopleths: for each distance, if the concentration exceeds the
stated isopleth value, the half-width of an isopleth will be determined. The
half-width will be compared in the form of a ratio to the half-width of a sec-
tor of given angqular size in terms of degrees. The user is given the option
of either specifying effective height of emission or having it calculated us-
ing Briggs' plume rise methods.

E.3.3 PTMPT

PTMTP calculates hourly concentrations at up to 30 receptors whose loca-
tions are specified from up to 25 point sources. Required inputs to the pro-
gram consist of the number of sources to be considered, the emission rate,
Physical height, stack gas temperature, volume flow ot stack gas velocity and
diameter, and the stack locations, in coordinates. The number of receptors,
the coordinates of each, and the height above ground are required. Concentra-
tions for a number of hours up to 24 can be estimated, and an average concen-
tration over this time period is calculated. The hourly meteorcological infor-
mation required consists of wind direction and speed, stability class, mixing
height, and ambient air temperature,





